Introduction
he overall water management objectives of sewage treatment are associated with the removal of pollutants and to protect and preserve our natural water resources. Protection of human health from the pathogenic organisms present in sewage prior to the treated effluent being discharged to the receiving water bodies are of specific concern. The purpose of sewage treatment is to remove the organic and inorganic solids where the organic solids are decomposed by microorganisms and inorganic solids due to sedimentation. As the rivers are the major sources of drinking water needs, the treatment of sewage becomes necessary before discharging into the rivers.
Lucknow city is the capital of Uttar Pradesh state in India. It is situated on the banks of the river Gomti, and has a current population of about 2.803 million. This study is concentrated in the area of Lucknow city with latitude-longitude extent of 26. 85°N and 80.92°E. According to IS: 1171-1971 an average domestic consumption of water under normal conditions is 135 lit/ cap/day in India (Chavan 2007) . Hence for a population of 2.803 million, by considering losses in the treatment plant and distribution system as 15% and 5% for non domestic supply, wastewater treatment plants with a total capacity of 454.086 MLD are required. However, as per the predicted population in the year 2010, Lucknow should have faced a wastewater generation of just 344 MLD. In the current sewerage scheme of the city, there are four separate Sewerage Districts each with its own commissioned or proposed treatment plant as shown in Table 1 . 
Technologies Used For Sewage Treatment
Upflow Anaerobic Sludge Blanket (UASB) and Fluidized Aerobic Bioreactor (FAB) are the two technologies currently being used to treat the sewage being generated in the city Lucknow, India. The UASB based STP in Lucknow has a total capacity of 345 MLD and is located in Bharwara, Lucknow and was commissioned under the Gomti Action Plan Phase II. The second STP is FAB based and has a total capacity of 56 MLD. Located in Daulatganj, Lucknow; originally it was commissioned under the Gomti Action Plan Phase I and its capacity was later extended under the Jawaharlal Nehru Urban Renewal Mission. The entire Sewerage network of Lucknow city comprises of 26 major drains which used to directly drain the raw sewage into the Gomti before these STPs came up. Four drains out of these have now been directed to the Daulatganj STP, and the remaining 22 have been proposed to be directed to the Bharwara STP. The Sewerage interconnection work is not yet complete in the city. Figure 1 shows the proposed diversion of the drains to the STPs via several small pumping stations, two intermediate pumping stations and one main pumping station.
In a UASB reactor with three distinct zones-sludge bed, sludge blanket and settling zone, solids get suspended in the blanket and slowly decompose. At the top, solids get separated from the gas and liquid, and biomass rises from sludge bed. Particles in the settling zone settle into the sludge bed after moving through the sludge blanket zone (Hwang and Hansen 1991; Heertjes and Van Der Meer 1978; Lettinga et al 1979; Lettinga et al 1980; Godwin et al 1982) . Under favorable physical and chemical conditions, small sludge granules begin to form whose surface area is covered in aggregations of bacteria. Eventually the aggregates form dense compact structures and settle down. On the other hand, the FAB technology is essentially the same as activated sludge except that the media suspended in the reactor offers additional compared to the conventional aeration without the media. In FAB technology, the media is kept stationary and is fluidized in the aeration tank. The STP at Daulatganj was initially started as a 42 MLD project in 2002 and later extended to 56 MLD in 2010. The results have been reported for a combined capacity of 56 MLD. The sludge generated in both the cases was dried in sludge drying beds and later dumped as waste or given away to local farmers for free. The treated water in both the cases is discharged into the Gomti River.
While designing a plant, it is tough to decide whether it is efficient to design a single plant that treats a large volume or several plants that treat individual small flows. Thus it is necessary to judge the environmental implications of a sewage treatment plant, considering its capacity. The Life Cycle Analysis (LCA) is a tool used for the evaluation of sewage treatment systems. The LCA weighs the environmental and other potential impacts through the lifetime of a product or service, from the use of raw materials, creating the product, its use and providing it to the customers (Margareta et al 2000; Gallego et al 2008; Hospido et al 2007; Patricia 2011 ) .
The main objective of this study is to review and techno-economically compare the performance of the 345 MLD UASB 
Analysis of Water Quality Parameters
Three wastewater quality parameters namely; BOD5, COD and TSS of the 120 samples as collected during April, 2012 have been evaluated and given in Table  2 and 3. Percentage removal for all these parameters has been calculated, and shown in Figure 2 and Table 4 . Figure 2 shows the comparison in percentage removal efficiency of these two STPs for the considered water quality parameters. From the Table 4 and Figure 2 , it can be concluded that:
1. BOD removal efficiency of Daulatganj STP is better than Bharwara STP. of sample for five days), COD and TSS of the influent and effluent of the two STPs were analyzed under controlled conditions of temperature and pH. Then, the most costeffective and sustainable STP for the city of Lucknow is chosen from the analysis of Life Cycle Cost of STPs in a particular locality based on the above technologies and having the same capacity of treatment but at different land costs. Other results were interpreted in a similar condition but with constant land costs and different capacities. Water quality parameters as considered, BOD5, COD and TSS of the influent and effluent of the two STPs have been tabulated and analyzed in terms of percentage removal. The analytical procedures used 2. COD removal efficiency of Bharwara STP is better than Daulatganj STP. 3. TSS removal efficiency of Daulatganj STP is better than Bharwara STP. From the above Figure 2 and Table 4 , it is clear that in the above condition, to select the best technology with a significant margin on the basis of performance comparison is difficult because BOD and TSS values of Daulatganj STP show greater removal efficiencies while Bharwara STP give greater removal efficiency for COD. However, the difference in removal efficiencies of both the reactors is ±2%, thus these results are not of much use to draw a final conclusion. Hence, the Life Cycle Cost have been adopted from Guide Manual: Water and have been calculated by varying the size of the plant but keeping the cost of the land constant. Per MLD annual cost of O&M is calculated by adding the annual per MLD cost of power and maintenance cost. The total annual O&M cost is calculated for 10 MLD. Then, the capitalized cost of O&M for 20 years is calculated by using the following formulas:
• Capitalized O&M cost for 20 years =(Total annual O&M cost) x[{1-1/ (1+i)^n}/i] • Life Cycle Cost for 20 years= Capital cost including land cost + Capitalized O&M cost for 20 years. The potential cost recovery from the sale of sludge has been deducted to calculate the net operation and maintenance cost as shown in Table 5 . These cost recovery amounts from sale of sludge generated are approximately Rs. 0.72 million for Daulatganj STP and Rs. 1.8 million for Bharwara STP. Though the recovery amounts are comparatively low still they can be used to compensate a portion of electricity and other bills. It is necessary to deduct the potential cost recovery from the by-products. From the data available at the plants, the following has been deduced:
• Treated effluent is not sold and is discharged into the Gomti river.
• Sludge cakes are taken away by the local farmers for free or are dumped by the Nagar Nigam.
• FAB plant does not produce biogas as it is aerobic.
• UASB plant produces very insignificant amount of biogas as it receives very low organic load. In Table 7 , the Life Cycle costs of the Bharwara and 145.00 65.00 290.00 130.00 capacity) and constant capacity (with varying land cost).
Case 1: Life Cycle Cost Analysis of STPs with varying land cost but fixed capacity
The results of Tables 7-8 are summarized as Table 11 and Figure 3 , which show the LCC of STPs when both have treatment capacity of 10 MLD but their cost of land is The results of Tables 9-10 can be summarized as Table  12 and Figure 4 , which show the LCC of the two STPs when the cost of land is fixed at 1 million/ha and they are operating at different capacities. Figure 4 shows that the LCC for both STPs increases with the increase in treatment capacity but the LCC of UASB based STP at Bharwara is lower. The results of the techno-economical analysis of the two STPs in Lucknow have been summarized in Tables  11-12 and Figures 3-4 . Figure 3 and Figure 4 show that the LCC of Bharwara STP is lower than that of Daulatganj STP in both the cases considered. Other observation from Figure 3 and Figure  4 is that in both the cases the line representing the growth of the LCC for Daulatganj and the line representing the growth of the LCC of Bharwara STP will intersect at a critical point. This critical point represents the critical value of land cost (per hectare) beyond which if the land cost increases, then the Bharwara STP will have a greater LCC than the Daulatganj STP. Similarly, in the second case this critical point represents the critical value of the capacity of STP (MLD) beyond the Bharwara STP will have a greater LCC than the Daulatganj STP.
From the above observations, it is clear that in both the cases i.e when the capacity remains constant and when the land cost remains constant, the UASB based STP at Bharwara shows a lower LCC than the FAB based STP at Daulatganj. It is also seen that in both the cases, the rate of increase of the LCC is greater for the Bharwara plant.
Conclusions
Lucknow city was selected for the study of the performance of two STPs in running condition i.e. the 345 MLD based STP at Bharwara and 56 MLD based STP at Daulatganj. Life Cycle Cost analysis was done for a period of 20 years for the two STPs and the conclusions drawn from the study are as follows:
1. Both of the existing sewage treatment plants are working properly and the results of treated water are observed as per the central pollution control board norms. It has been observed that 100 % of the waste water generated is not treated; thus more plants are required. 2. More foam was observed at site during the visit in the final polishing ponds of the UASB reactor. Antifoaming agents are available in the market to remove the foam, and should be used. 3. Due to the inefficient sewerage network, highly diluted sewage is received at the Bharwara plant due to which there is insignificant biogas generation which could otherwise be used for power generation; hence, cost recovery. 4. All treated water is disposed into the Gomti River.
The treated water may be used for industrial and irrigation purposes.
Several important Water Quality Parameters like
Faecal Coliform, Sulphate, Oil and Grease are not measured on a regular basis. 6. For a particular location i.e. fixed land cost, the LCC of the FAB and UASB reactors increases with the capacity of the STP but the LCC is lower for the UASB reactor up to a particular value of the STP's capacity; however, the rate of increase is greater for the UASB reactor. 7. If land the cost increases and the capacity of the STP remains constant, the LCC of both FAB and UASB reactors increases but the LCC is lower for the UASB reactor up to a particular value of the land cost. 8. Due to the low LCC of the UASB based Bharwara STP, it is better for a city like Lucknow.
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